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ABSTRACT: We determined the prevalence of mycoplasma infection in breeding mallard (Anas
platyrhynchos) and canvasback (Aythya valisineria) hens and their broods from the central United
States (1988 to 1990); and wintering American black duck (Anas rubripes) and mallard hens from
the eastern United States (1990 to 1993). Mycoplasmas were isolated by culturing tracheal swabs
from 656 live birds and tissue samples from 112 dead waterfowl. Nine (18%) of 51 mycoplasma
isolates were identified as Mycoplasma anatis; M. anatis was recovered from four mallards, a
black duck, and a gadwall (Anas strepera) duckling. Nineteen (37%) of 51 mycoplasma isolates
were identified as Mycoplasma cloacale; these isolates were obtained from mallard, canvasback,
and black duck adults, and from a mallard duckling. Additional unspeciated mycoplasmas were
isolated from mallards, black ducks, and one canvasback.

Key words: 'Wild ducks, mallard, Anas platyrhynchos, canvasback, Aythya valisineria, Amer-
ican black duck, Anas rubripes, mycoplasmas, Mycoplasma anatis, Mycoplasma cloacale, gadwall,

Anas strepera, survey.

INTRODUCTION

Mycoplasmas frequently have been iso-
lated from domestic chickens (Gallus gal-
lus) and turkeys (Meleagris gallapavo)
(Kleven, 1994). Many mycoplasmas, par-
ticularly M. gallisepticum and M. syn-
oviae, cause clinical disease affecting pri-
marily respiratory and reproductive sys-
tems, and synovia of joints (Yoder, 1991).
In commercial poultry, infection with
pathogenic mycoplasmas leads to econom-
ic losses through declines in laying and
hatching rates, and through poor growth
(Stipkovits, 1979). Decreased egg produc-
tion and hatchability also have been dem-
onstrated in captive-reared wild turkeys
experimentally infected with Mycoplasma
gallisepticum (Rocke et al., 1988).

Less is known about the occurrence and
effects of mycoplasmas in ducks. The ear-
liest reported mycoplasma obtained from
a domestic duck was isolated during a 1952
epizootic in Canada (Walker and Bannis-

ter, 1953). Since that time, mycoplasmas
have been recovered from domestic or
semi-domestic ducks, primarily in Europe.
Mycoplasma anatis appears to be the most
commonly isolated and pathogenic of the
species reported in ducks. Mycoplasma
anatis and M. gallisepticum were isolated
in England from domestic ducks with re-
spiratory disease and other abnormalities
(Jordan and Amin, 1980). Mycoplasma an-
atis was associated with an epizootic af-
fecting the central nervous system of do-
mestic ducks in Hungary (Ivanics et al.,
1988), and was recovered from wild north-
ern shovelers (Anas clypeata) in Spain (Po-
veda et al., 1990). In Egypt, M. anatis and
other mycoplasmas were recovered from
Pekin ducks (Anas platyrhynchos) and
eggs, although no disease was observed (El-
Ebeedy et al., 1987). In addition, Myco-
plasma cloacale has been found in healthy
wild ducks in France (Bradbury et al.,
1987) and healthy semi-domestic ducks in
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Yugoslavia (Bencina et al., 1987). There
are no published reports, however, of my-
coplasma isolates from wild ducks in North
America.

As part of our studies to assess the health
status of wild waterfowl in the central and
eastern United States, we obtained samples
for mycoplasma isolation from mallards
(Anas platyrhynchos), canvasbacks (Ay-
thya valisineria), and American black
ducks (Anas rubripes). Our objectives for
this portion of the study were to determine
the prevalence of mycoplasmas in these
free-living ducks.

MATERIALS AND METHODS

We collected samples for mycoplasma isola-
tion from breeding mallards and canvasbacks
in the central United States and from wintering
mallards and black ducks in the eastern United
States (Fig. 1). We obtained tracheal swabs from
breeding mallards in the prairie pothole region,
near Jamestown, North Dakota (USA) (46°25'N,
98°55'W), and near Hitterdal, Minnesota (USA)
(47°00'N, 96°15'W) during the breeding seasons
of 1988, 1989, and 1990. These mallards were
trapped on small ponds early in the breeding
season using decoy traps with spring-door open-
ings (Sharp and Lokemoen, 1987). A game-farm
mallard hen was placed in a central cylinder in
each trap to attract wild mallard pairs into the
outer compartments. Tracheal swab samples
were obtained from canvasbacks during the
summer of 1990 at Agassiz National Wildlife
Refuge (NWR), near Thief River Falls, Min-
nesota (48°18'N, 96°00'W). Canvasbacks were
captured in decoy traps (Anderson et al., 1980)
and in large swim-in traps (Haramis et al., 1982).

Nests of breeding mallard hens were moni-
tored closely during the expected time of hatch,
and ducklings were captured before they left
the site (<1 day old). Additional nests of mal-
lards inside a predator exclosure (Greenwood et
al., 1990) were located with nest dragging meth-
ods (Higgins et al, 1969). Eggs from canvas-
backs were collected from the nest, artificially
incubated, and ducklings were returned to the
nest shortly after hatch (C. E. Korschgen, un-
publ.). Tracheal swab samples for mycoplasma
isolation were collected from mallard and can-
vasback ducklings.

In the fall and winter of 1991 to 1992 and
1992 to 1993, tracheal swabs were obtained from
juvenile mallard and black duck hens at the
Ottawa NWR near Oak Harbor, Ohio (USA)
(41°37'N, 83°10'W). Juvenile and adult black
duck hens also were sampled at the Duck River
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° Canvasback, 1990
(Carcasses only: 1988, 1989)

© Mallard, 1988, 1989, 1990
@ Black duck, Winters 1990 to 1991, 1991 to 1992
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(Carcasses only: 1990)

Black duck, Winters 1991 to 1992, 1992 to 1993
(Carcasses only: 1990)

FIGURE 1. Map of mid-continental United States.
Study sites were in North Dakota, Minnesota, Ten-
nessee, and Ohio.

Unit of the Tennessee NWR near New John-
sonville, Tennessee (USA) (35°50’'N, 87°50'W) in
the winters of 1990 to 1991 and 1991 to 1992.
Wintering mallards and black ducks were
trapped in large permanent swim-in traps and
with cannon nets (Addy, 1956; Day et al., 1980).
Mallard and black duck hens at each study
site were fitted with backpack type radio trans-
mitters (Dwyer, 1972) or collar radio transmit-
ters in the fall and winter of 1992 to 1993 (Mont-
gomery, 1985). Radio transmitters were im-
planted in the abdominal cavity of canvasback
hens following the methods of Olsen et al. (1992)
or implanted subcutaneously on the back (C. E.
Korschgen, unpubl.). Short-range radio trans-
mitters were implanted subcutaneously on the
back of canvasback ducklings (C. E. Korschgen,
unpubl.) and attached to the back of male mal-
lard ducklings (Krapu and Luna, 1991).
Radio-telemetry was used to monitor bird sur-
vival and facilitate carcass recovery of radio-
marked hens and ducklings previously sampled.
In addition, carcasses from radio-marked can-
vasbacks located in the summers of 1988 and
1989, and black ducks and mallards from the
Ohio site which died in the 1990 to 1991 field
season also were examined. Carcasses of wild
waterfowl without radio transmitters were also
collected opportunistically during routine field
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activities on the study sites. Birds either were
frozen or shipped fresh to the National Wildlife
Health Center (NWHC), Madison, Wisconsin
(USA) for necropsy and tissue collection. Trachea,
ovary, and lung tissues were frozen and saved for
later mycoplasma isolation, although only tra-
cheal tissues were taken in 1988. Tissues from
birds with marked autolysis were excluded.

A medium prepared by the formulation of
Jordan (1983) was used for transport, primary
isolation, and passage of mycoplasmas. Briefly,
the medium contained PPLO broth base (Difco
Laboratories, Detroit, Michigan, USA), porcine
serum (Sigma Chemical Company, St. Louis,
Missouri, USA), yeast extract (Difco), glucose
(Difco), arginine hydrochloride (Sigma), thal-
lium acetate (Sigma), nicotinamide adenine di-
nucleotide (Sigma), penicillin (Sigma), and phe-
nol red (Difco) as a pH indicator. The medium
was used in three forms: liquid broth as de-
scribed, agar plates made by the addition of 1%
molten agarose (Difco), and a biphasic transport
medium in which an agar slant was overlayed
with broth.

Tracheal swabs taken for mycoplasma isola-
tion were immersed in the biphasic transport
medium, and the swab discarded. These samples
were frozen and shipped to NWHC for analysis.
Frozen swab samples later were thawed and
incubated at 37 C for 1 wk, or until evidence
of growth of fermentative microorganisms.
Tubes with apparent growth were checked for
bacterial contamination by passage of 0.1 ml
sample into 5.0 ml brain heart infusion (BHI)
broth (Difco). If no growth occurred in either
mycoplasma broth or BHI, 0.5 ml of the liquid
portion of the sample was transferred into 5.0
ml of fresh mycoplasma broth and incubated
again for 1 wk. Contaminated cultures were
filtered (1 ml) through a 0.45 um pore-diameter
cellulose acetate filter (Corning Glass Works,
Corning, New York, USA), to remove extrane-
ous bacteria before passage into mycoplasma
broth. After 1 wk, or when growth was evident,
samples were overlaid onto mycoplasma agar
and incubated at 37 C with 5% CO, with a pan
of distilled water placed in the bottom of the
incubator for added humidity. Periodically,
plates were examined microscopically (4 x) for
mycoplasma growth, and samples were consid-
ered negative if no colonies were seen on the
agar after 1 mo. Tissue sections were finely
minced under aseptic conditions, diluted in my-
coplasma broth (approximately 5 g tissue in 25
ml broth), and then treated in the same manner
as the swab samples.

A culture of M. anatis was obtained from
American Type Culture Collection (ATCC No.
25524, Rockville, Maryland, USA) and grown
and passed in tubes of mycoplasma medium,
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with rabbit serum (Sigma) substituted for por-
cine serum. After 48 hr incubation at 37 C, the
cells were collected by centrifugation at 17,000
x G for 30 min, and washed three times with
phosphate buffered saline. The protein concen-
tration was determined by the method of Lowry
et al. (1951), and the antigen was diluted to 1
mg protein per ml in mycoplasma broth.

Two 3-mo-old New Zealand white rabbits
(Oryctolagus cuniculus) were used for immu-
nization to the M. anatis antigen, following the
protocol of Senterfit (1983), with the following
modifications. The initial injection and all blood
collections were carried out under anesthesia
with Innovar-Vet (Pitman-Moore, Washington
Crossing, New Jersey, USA) at a dose of 0.1 ml/
kg given intramuscularly (IM). Rabbits were
aroused with an equal intravenous dose of Nal-
oxone hydrochloride (LyphoMed, Inc., Melrose
Park, Illinois, USA).

The initial mycoplasma inoculation consisted
of 1.2 ml of antigen emulsified in an equal vol-
ume of Freund’s complete adjuvant (Sigma),
and 0.1 ml administered into 24 subcutaneous
sites on the back of each rabbit. The rabbits
were given a booster every 3 wk with 0.5 ml
injections of the antigen, given IM into four sites.
The rabbits were bled periodically, and the sera
collected by centrifugation at 1,500 x G for 20
min. Antibody titers were checked by an en-
zyme-linked immunosorbent assay (ELISA)
procedure (Thomas and Sharp, 1988), using our
stock M. anatis as the antigen. The specificity
of the antisera was verified by the ELISA test.
There was minimal cross-reactivity with anti-
gens from stock M. gallisepticum, M. synoviae,
M. gallinarum, M. gallipavonis, M. iners, and
M. jowae.

Thirty-four isolates were examined using so-
dium dodecyl sufate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) (Thomas and Sharp,
1988). All isolates then were tested in an im-
munobinding procedure (Kotani and Mc-
Garrity, 1985) using rabbit antisera specific for
eight common species of avian Mycoplasma (M.
gallisepticum, M. meleagridis, M. synoviae, M.
anatis, M. gallinaceum, M. gallipavonis, M.
iners, and M. iowae) and one Acholeplasma
spp- (A. laidlawii). The antisera used, except for
M. anatis, were obtained from supplies previ-
ously prepared by Thomas and Sharp (1988) and
Sharp et al. (1991). Homologous antigen, serum
deletion, and conjugate deletion controls were
included in each assay. Identifications made us-
ing the immunobinding assay were confirmed
by Western blot analysis (Thomas et al., 1991).

Twenty viable isolates not identified by im-
munobinding, were tested with a larger panel
of antisera using a direct immunofluorescence
assay (DIA) (Talkington and Kleven, 1983).
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These isolates were chosen because they were
viable upon subculture and therefore appropri-
ate for use with the DIA. In addition to the eight
mycoplasma species listed above for the im-
munobinding assay, these isolates were tested
with antisera to M. gallinarum, M. pullorum,
M. glycophilum, M. lipofaciens, M. cloacale,
M. columbinum, and M. columborale. How-
ever, not all isolates were tested against all of
these antisera. The remaining non-viable, un-
identified isolates then were tested by immu-
nobinding assay using antiserum to M. cloacale
obtained from Dr. J. G. Tully at the National
Institute of Health (Fredrick, Maryland). Meth-
ods for M. cloacale antisera production were
according to Senterfit (1983), with the exception
of the use of the Ribi adjuvant system (Ribi
ImmunoChem Research, Inc., Hamilton, Mon-
tana, USA) as the delivery vehicle (Tully, 1993).

RESULTS

We recovered Mycoplasma spp. from
five (19%) of 26 ovaries, 13 (14%) of 91
lungs, and six (5.5%) of 109 tracheas from
the carcasses sampled (Table 1). We also
isolated mycoplasmas from 23 (3.5%) of
656 swab samples from live birds exam-
ined. Mycoplasma anatis and Mycoplas-
ma cloacale were the only species identi-
fied in our cultures. Mycoplasma anatis
was isolated from all tissue types, nonpref-
erentially, and from one tracheal swab
sample; it comprised nine (18%) of 51 my-
coplasma isolates (Table 1). Mycoplasma
cloacale was isolated from tracheal swabs,
lungs, and one ovary (Table 1) and rep-
resented 19 (37%) of the mycoplasmas re-
covered. Unspeciated mycoplasma isolates
included both glucose fermenters and non-
fermenters, and were recovered most fre-
quently from ovary and lung tissues. In
addition, we recovered more than one spe-
cies of mycoplasma from five birds. Thir-
ty-four of the isolates were examined using
SDS-PAGE. Six different electrophoretic
banding patterns were observed; the sam-
ples were grouped according to these six
profiles. One group of isolates subsequent-
ly was identified as M. anatis and a second
group as M. cloacale. Based on the ob-
served banding patterns, twelve unspe-
ciated isolates were distributed among the
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TABLE 1. Mycoplasma isolates recovered from tis-
sues and tracheal swabs of breeding mallards and
canvasbacks from North Dakota and Minnesota (1988
to 1990), mallards and black ducks from Ohio (1990
to 1991 to 1992 to 1993), and black ducks from Ten-
nessee (1990 to 1991 and 1991 to 1992).

Number of Mycoplasma

. No

spp. isolates recovered myco-

M. Species plasma
Total cloa- M. un- re-

Source samples cale anatis known covered
Trachea 109 0 4 2 103
Lung 91 5 3 6* 78
Ovary 26 1 1 4> 21
Tracheal swab 656 13¢ 1 11> 633

* One sample contained both a Mycoplasma cloacale and a
Muycoplasma spp. isolate.
* One sample contained two Mycoplasma spp. isolates.

remaining four groups, thus several my-
coplasma species probably were present.
Mycoplasma anatis was isolated from
the tissues of four (3.6%) of 112 carcasses
(Table 2): two mallard hens that died near
Jamestown in the summers of 1988 and
1989, a male mallard that died in a decoy
trap near Jamestown in 1989, and a mal-
lard hen found near Hitterdal in 1989. My-
coplasma anatis was not isolated from the
carcasses of any breeding canvasbacks or
wintering mallards or black ducks. My-
coplasma anatis was recovered from one
(0.2%) of 656 tracheal swab samples, a
black duck captured in Tennessee. Inci-
dental to our study of breeding mallard
hens and broods, we isolated M. anatis
from two of 49 tracheal swabs from mal-
lard males and from the tracheal swab of
a 1-day-old gadwall (Anas strepera) duck-
ling, sampled in North Dakota.
Mycoplasma cloacale was isolated from
the tissues of six (5.3%) of 112 birds nec-
ropsied (Table 2). It was recovered from
the lungs of adult male and female mal-
lards found near Jamestown in the summer
of 1989. We isolated M. cloacale from the
tissues of juvenile ducks from Ohio: one
mallard that died during the 1990 to 1991
field season, and from a mallard carcass
and a black duck carcass found during the
1992 to 1993 field season. We obtained M.
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TABLE 2.
in the eastern United States, 1988 to 1993.

Prevalence of mycoplasmas from breeding ducks in the central United States and wintering ducks

State/duck species Mycoplasma Mycoplasma Species
Sample type Total samples anatis cloacale unknown
Minnesota/Mallard
Swab-adult* 107 0 (o) 2(1.9) 1(0.9)
Swab-duckling 54 0(0) 1(1.8) 0(0)
Carcass-adult 10 1(10) 0(0) 0(0)
Carcass-duckling 5 0(0) 0(0) 0(0)
North Dakota/Mallard
Swab-adult* 102 0(0) 0(0) 0(0)
Swab-duckling 89 0(0) 2(2.2) 0(0)
Carcass-adult 24 3(13) 2(8.8) 5(21)
Carcass-duckling 18 0(0) 0(0) 0(0)
Minnesota/Canvasback
Swab-adult 19 0(0) 1(5.3) 0(0)
Swab-duckling 59 0(0) 0(0) 0(0)
Carcass-adult 1 0(0) 0(0) 0(0)
Carcass-duckling 44 0(0) 0(0) 1(2.3)
Ohio/Mallard
Swab-adult* 80 0(0) 2(2.5) 2(2.5)
Carcass-juvenile 3 0(0) 2 (67) 1(33)
Ohio/Black duck
Swab-adult* 79 0(0) 3(3.8) 3(3.8)
Carcass-juvenile 6 0(0) 1(17) 1(17)
Tennessee/Black duck
Swab-adult* 67 1(1.5) 2(3.0) 3(4.5)
Carcass-adult 1 0(0) 1(100) 0(0)

* Only females sampled.
* Number positive (percent positive).

cloacale from the ovary of the only adult
black duck necropsied from the Tennessee
study. Mycoplasma cloacale was isolated
from 13 (2.0%) of 656 tracheal swabs taken,
from mallard, canvasback, and black duck
hens from all sites except North Dakota.
No mycoplasma isolates were recovered
from tracheal swabs of mallard ducklings
in 1988, two M. cloacale isolates were re-
covered in 1989 (from the same brood),
and one M. cloacale isolate was recovered
in 1990. No mycoplasmas were isolated
from swabs of canvasback ducklings.
Unspeciated mycoplasmas were recov-
ered from five of 34 adult mallard car-
casses collected during the breeding season
(Table 2). An unspeciated mycoplasma was
isolated from the lung of one of 44 can-
vasback duckling carcasses, but not from
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any of the 23 mallard ducklings. One adult
canvasback was necropsied; no mycoplas-
mas were recovered. Unspeciated myco-
plasmas also were isolated from juvenile
ducks (a mallard and a black duck) from
Ohio in 1990 to 1991. One unspeciated
mycoplasma was isolated from tracheal
swab samples of 430 breeding hens and
broods; eight unspeciated mycoplasma
cultures were isolated from 226 wintering
ducks.

DISCUSSION

There are no previous reports of my-
coplasma isolations from wild ducks in
North America. We recovered mycoplas-
mas from 17 (15%) of 112 carcasses nec-
ropsied; four (3.6%) of these isolates were
M. anatis and six (5.4%) were M. cloacale.
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Few of the carcasses examined had lesions
associated with mycoplasma infections.
However, esophagitis, tracheitis, and vag-
initis, lesions typically associated with my-
coplasmosis, were observed grossly in two
of the three hens from which M. anatis
was isolated; one bird died from duck
plague, while the second died from severe
tracheitis. The role of opportunistic my-
coplasma infection in wild birds is un-
known, but we speculate that there was
some association between active M. anatis
infections and mortality in these ducks.
Wild birds infected with certain species of
mycoplasma also may be at higher risk
from secondary infections with other
pathogens in their environment. Myco-
plasmas have synergistic effects with other
agents, such as goose parvovirus in goslings
(Kisary et al., 1976), and avian influenza
virus in ducklings (Roberts, 1964).
Poveda et al. (1990) isolated mycoplas-
mas from 7 (17%) of 42 oropharynx and
tracheal swabs examined in a limited sur-
vey of wild European waterbirds. They
were unable to recover mycoplasmas from
mallards, green-winged teal (Anas crecca)
and common pochards (Aythya ferina),
but isolated M. anatis from northern shov-
elers and Eurasian coots (Fulica atra). The
prevalence of Mycoplasma spp. in swab
samples from breeding mallards in North
Dakota and Minnesota was <5% over 3 yr
in our study; the prevalence in adult can-
vasbacks also was near 5%. We recovered
mycoplasmas from 7% of swabs from the
birds wintering in Ohio and Tennessee.
Mycoplasma cloacale was recovered more
frequently than M. anatis from our sam-
ples. Our results may have been an un-
derestimate of the actual prevalence of
mycoplasmas, however. Swab sampling
techniques often result in false negatives
(Clyde and McCormack, 1983), especially
in samples frozen for prolonged periods
(Samuel et al., 1995), or with high densities
of competing bacterial flora (Jordan, 1983).
In our study, the prevalence of each my-
coplasma type appeared to be higher in
tissues than tracheal swabs. These differ-
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ences may be a result of sampling meth-
odology. In a survey of apparently healthy
wild turkeys, Fritz et al. (1992) also found
that mycoplasmas were recovered more
often from tissue samples (45%) than swabs
(25%). It also is possible that these myco-
plasmas are not normally present in the
trachea, but may preferentially colonize
other tissues.

Based on our findings, we believe that
M. cloacale and M. anatis are common
species of mycoplasma in wild ducks in
North America. Although the pathogenic
effects of M. cloacale in ducks are undoc-
umented, it has been isolated previously
in geese affected by inflammation of the
cloaca and phallus (Stipkovits et al., 1986).
We observed no association of M. cloacale
with disease in the ducks we sampled. Iso-
lations of unspeciated mycoplasmas also
were fairly common, but we have no in-
formation about their effects on water-
fowl. We were unable to isolate myco-
plasmas usually associated with clinical
problems in domestic poultry, particularly
Mycoplasma gallisepticum, which often
has been recovered from domestic ducks
(Jordan, 1983). Therefore, we doubt that
wild ducks are an important source of in-
fection for domestic poultry operations in
the central region of North America.

Mycoplasmas often are transmitted ver-
tically and have caused considerable re-
duction in productivity in poultry opera-
tions (Yoder, 1991). We isolated myco-
plasmas from 1-day-old ducklings, provid-
ing evidence of vertical transmission in wild
birds. Mycoplasma anatis is pathogenic to
ducklings and eggs, and causes reduced
growth rates in young birds (Samuel et al.,
1995). Although the effects of M. anatis
and other mycoplasmas on the productiv-
ity of wild duck populations are uncertain,
we believe there is a need for further re-
search.
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